The nuchal translucency is defined as a transient subcutaneous collection of fluid behind the fetal neck seen on ultrasonography at 11-14 weeks of gestation. In this current overview it was observed the relationship between increased nuchal translucency (Nt) and fetal heart structure and function in chromosomally normal fetuses. Fetuses with an increases Nt have an increased risk for congenital heart disease (cHD) and the combination between an increases Nt, tricuspid regurgitation (tr) and an abnormal ductus venosus (DV) Doppler flow profile is a strong marker for CHD.
Introduction
The nuchal translucency is defined as a transient subcutaneous collection of fluid behind the fetal neck seen on ultrasonography at 11-14 weeks of gestation [1] . the 95th percentile for Nt measurement increases with gestational age between week 11-14 of gestation and is around 2.5 mm depending on crown rump length, whereas the 99th percentile is 3.5 mm, and decreases after week 14 of gestation along with the reduction of the placental resistance and the beginning of the renal function [2, 3] .
Fetal cardiology it is a specialty that continues to evolve rapidly for pediatric cardiologists and fetal medicine specialists. In this current overview it was observed the relationship between increased nuchal translucency (Nt) and fetal heart structure and function in chromosomally normal fetuses. Fetuses with an increases Nt have an increased risk for congenital heart disease (cHD), and this risk increases with increasing Nt measurement. the combination between an increases Nt, tricuspid regurgitation (tr) and an abnormal ductus venosus (DV) Doppler flow profile is a strong marker for CHD and should be followed by a fetal echocardiogram at 20 weeks of gestation in fetuses with an Nt > 95th percentile, and also if it is found an increased Nt associated with a tricuspid regurgitation or an abnormal DV flow pattern, or when the Nt measurement is over 99th percentile, it is indicated an earlier echocardiogram and a repeat scan around 20 weeks of gestation.
An increased Nt is not only a marker for chromosomal anomalies but also a nonspecific one for disturbance in normal early development. cHD are the most common structural and genetic disorders observed in normal karyotype fetuses with an enlarged Nt [4, 5, 6] .
The risk of congenital heart disease and nuchal translucency Hyett et al. [7] reported that in a cohort of 29154 pregnancies, 56 % of the fetuses with major cHD had an increased Nt measurement. It was observed an increased prevalence of cHD associated with increased Nt thickness. the Nt measurement could be the first screening step in the detection of CHD. NT screening is only a modest efficient strategy for detecting all cHD when is used alone, but may be effective in detecting specific CHD likely to benefit from prenatal diagnosis.
In a meta-analysis including 58492 fetuses, Makrydimas et al. [8] found that a Nt measurement > 99th percentile had a sensitivity of 31 % and specificity of 98.7 % , with a positive likelihood ratio of 24 for the diagnosis of major cHD. A sensitivity of 37 % and specificity of 96.6 % was found using the 95th percentile cut-off. Simpson et al. [9] found a sensitivity of only 15.4 % using 2.0 multiples of the median (MoM) in a prospective study of 34622 fetuses, but their low detection may be explained by the exclusion of the septated cystic hygroma. If they had included the septated cystic hygroma , their detection of the cHD would have been 35,3 % [10] .
The median NT thickness is significantly higher in fetuses with major cHD compared to those with normal hearts [11] . the median age for cHD diagnosis was 16.1 weeks of gestation when Nt was > 3.5 mm compared to 22.1 weeks of gestation when was < 3.5 mm [12] . the frequency of cHD varies from 0.6-5 % when the Nt is between 2.5 -3.5 mm, to 64 % when the Nt measurement is above 8.5 mm [13, 14, 15] .
Abnormal ductus venosus Doppler flow profile and congenital heart disease
In literature is encouraged the idea that the fluid accumulation causing the nuchal edema is caused by cardiac failure, due to intrinsic myocardial dysfunction or secondary to the cHD [16] . An increased mrNA of cardiac atrial and brain natriuretic peptide in trisomic fetuses with an increased Nt seems to support this hypothesis [17] . In monochorionic twins, an early marker of twinto-twin transfusion syndrome is the discordancy for increased Nt [18] . the early imbalance in the circulatory volume, shared by the twins could cause the nuchal edema. Also, an important aspect is that if cardiac failure causes the nuchal edema , then it could also be expected cardiomegaly, ascites, peripheral edema and pericardial and pleural effusions, but they are not seen in fetuses with an increased Nt. Reduced or reversed flow during late diastole was interpreted as indicative of cardiac failure as it was assumed to reflect increased central venous pressure [19] (Figure 1 A and b) . Flow reversal during atrial contraction indicates that the pressure in the right atrium in higher than in the portal system, but it does not mean necessarily heart failure. Restricted flow through the foramen oval, increased adrenergic drive could be seen in diastolic cardiac dysfunction and during hypoxia when the vessel wall compliance increases and the sphincter-like DV dilates [20] . because the intrinsic renal function is not yet developed, the preload increases, as well as the circulating blood volume, affecting the fluid balance in the 11-14 weeks of gestation. As placental resistance is still high, the afterload also increases. the immature ventricles, who are less compliant, and the small alterations of the intravascular volume could be enough to produce the abnormal DV flow patterns [19, 21] . The abnormal flow pattern could be caused by a temporary abnormality of the DV, possible abnormal diameter regulation or increased vessel compliance. An abnormal DV flow profile in fetuses with an increased Nt measurement is associated with cHD, chromosomal malformation and an adverse pregnancy outcome [22, 23, 24] . As the increased Nt disappears, the DV flow returns to normal [25, 26] . the conclusion after observing the data from seven studies, including 600 chromosomally normal fetuses with a Nt > 95th percentile, was that 4.8 % of the fetuses had cHD and from those, 96.6 % had an abnormal DV flow pattern at 11-13+6 weeks of gestation [27] .
Direct measurement of cardiac function is required to determine if impaired cardiac function is responsible for increased Nt measurement or not. Measuring the left ventricular ejection fraction on fetuses with a ventricular septal defect around 20 weeks of gestation, Simpson and Sharland [28] showed no difference between those who had an increased Nt an those who not, but a normal cardiac function at this age of gestation does not exclude a cardiac dysfunction at the time when the Nt was increased. It was demonstrated that there is no causal relationship between the increased Nt and diastolic, systolic or global cardiac dysfunction by measuring the myocardial performance index and E/A ratio across the atrioventricular valves in normal fetuses, fetuses with chromosomal defects, fetuses with cHD and fetuses with an increased Nt (> 4 mm) at 11-14 weeks of gestation [29] .
Tricuspid regurgitation (TR) at 11 -14 weeks of gestation and congenital heart disease the etiology of the tr is still uncertain and may be related to the alterations in the hemodynamic balance of the 11 -14 weeks fetus. Atrioventricular valve regurgitation in present in 6.3 % of 7 -8 weeks old normal fetuses, increases to 44 % at 10 weeks, falls to 3.5 -6 % at 11 to 13 + 6 weeks of gestation and disappears with the disappearance of the Nt [30] . Increased afterload and preload causes right ventricular dilatation which is almost never seen in the absence of cHD. tr is associated with aneuploidytrisomy 21 in particular -and its prevalence increases with tN thickness and is higher in fetuses with cHD that those without [31] .
Increased fetal pulmonary vascular resistance and systemic pressure in the right ventricle limits the effect of intracardiac shunt [32] .
Disorders of neurogenesis and congenital heart disease the venous hemodynamics could be affected, retrogradely, by a delay in the reconnection of the lymphatic sacs with the venous system, causing an abnormal DV waveform. With the development of the lymphatic sacs, they may be remodeled into lymph nodes and the excess of fluid could drain away, explaining the nature of the increased Nt.
the link between increased Nt, cHD and the DV flow abnormalities could be explained by the same embryonic origin -the neural crest -of the neck, head and adrenergic nerves of the DV [33] and by the fact that blood vessels and nerves share many developmental genes [34] . It has been shown that the neural crest ablation and the subsequent migration abnormalities lead to the development of cHD [35] .
Growth factors required for the normal development of the cardiac chambers could be affected by the flow patterns [23] . CHD may be caused by the flow disturbance, and not by the failure of migration of the neural crest cell [20] .
It was shown that an insult at 6 -8 weeks of gestation could lead to a fluid retention [20] . CHD could result from the increased Nt and altered growth factor expression caused by the disturbance in vascular endothelial development at 7 -10 weeks of gestation.
A normal early ecochardiogram does not exclude a major cHD that could progress during pregnancy [36, 37] . A Nt measurement between 2.5 -3.5 mm may be followed by an echocardiogram at 18 -20 weeks of gestation [38] .
A complete fetal echocardiogram requires expertise, modern equipment and uses an abdominal approach to define the situs and cardiac connection, cardiac chambers and their symmetry and flow , the crossing and the flow of the great vessels and color flow mapping [39] (Figure 2 A, B, C) . Earlier fetal echocardiography performed after Nt measurement may discover a cHD and gives the parents the possibility to make a decision regarding the continuation or the interruption of the pregnancy [40] .
Conclusion
An increased Nt may identify fetuses eligible for specialized ecochardiography. If it is found a TR or an abnormal DV Doppler flow profile associated, an early exclusion is necessary, with an echochardiography at 15-16 weeks of gestation.
An echochardiography it is recommended to be made at 18 -22 weeks of gestation in fetuses with Nt > 95th percentile but < 99th percentile, or if it is found in addition, a TR or an abnormal DV flow pattern, an earlier ecochardiogram is required. 
